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FIELD OF THE INVENTION
The disclosure relates to medical devices and more particu larly relates to a method and apparatus for determining breast density and assessing cancer risk utilizing acoustic param eters.
DESCRIPTION OF THE RELATED ART
According to the World Health Organization, breast cancer is the second most common type of cancer and the fifth most common cause of cancer death. In view of the commonality of breast cancer, diligent individuals subject themselves to regu lar mammograms for the purpose of detecting an existence of breast cancer.
Anancillary benefit of having a mammogram conducted is the ability of the radiologist to determine a radiographical density of the participants breast tissue due to the fact that there is a prognostic relationship between breast density and cancer risk. In general, it is known in the art that the radio graphical density of a breast illustrated within a mammogram may vary due to differences in the amount offat, connective tissues, and epithelial tissues that are present. For example, because fibroglandular and connective tissues (i.e. glands, ducts, and fibers) have a relatively high X-ray attenuation, fibroglandular and connective tissues may appear to be radio graphically denseflighton radiographic films. By contrast, fat has a relatively low X-ray attenuation and therefore appears to be the least radiographically dense/dark, when compared to the remaining breast tissue. Because of the distinct differ ences in X-ray attenuation between fat and fibroglandular tissue, segmentation of fibroglandular tissue from the rest of the breast is possible.
A known breast density estimation standard may be based upon a four-category Breast Imaging Reporting and Data Systems (BI-RADS) lexicon. Upon visually assessing a mammogram, a radiologist may classify the radiographical image of the breast into one of four BI-RADS compositional categories defined as: 1: Fatty, 2: Scattered, 3: Heteroge neous, and 4: Dense. Women whose breasts are categorized in the BI-RADS 4/densest breast category are four-to-six times more likely to develop breast cancer than those categorized as BI-RADS 1/fatty.
Because the above standard in breast density estimation involves a radiologists visual assessment of a mammogram, this assessment is subjective and relies on the perception of the radiologist. While such a subjective density classification is quick to use and widely employed, it has been proven to be limited due to considerable intra-and inter-reader variability of a radiologist.
Further, as also known in the art, the use of mammography is not ideal because of the associated radiation exposure to the participant that is undergoing breast evaluation Even further, a mammogram is a two-dimensional projection which, by definition, does not provide an accurate, three-dimensional volumetric estimation of the breast density due to the tissue thickness not being taken into account. Even further, it is also Accordingly, there is a need in the art for an improved method and apparatus for determining breast density. In an embodiment, the novel method and apparatus is a non-ioniz ing method and apparatus. In an embodiment, the determined breast density may be utilized for assessing cancer risk.
Further, because the novel methodology yields parameters that are associated with high breast density, which, in turn, may be associated with increased breast cancer risk, it will be appreciated that data arising from the novel methodology may be utilized to assess cancer risk directly without the intermediate step of determining breast density.
Yet even further, by identifying women having high breast density, further preventative measures can be implemented.
BRIEF DESCRIPTION OF THE DRAWINGS
The disclosure will now be described, by way of example, with reference to the accompanying drawings, in which: FIGS. 7A-7D each depict a graphical representation of intensity projections of three-dimensional Sound speed data for a typical breast from each BI-RADS compositional cat egory (1: fatty to 4: dense), wherein the white regions dem onstrate high sound speed values relative to the darker lower Sound speed regions;
FIGS. 8A-8F each illustrates a graphical representation of a lesion associated with breast tissue over time based upon acoustic parameters.
DETAILED DESCRIPTION OF THE INVENTION
The Figures illustrate an exemplary embodiment of a method and apparatus for determining breast density and assessing cancer risk utilizing acoustic parameters in accor dance with an embodiment of the invention. Based on the foregoing, it is to be generally understood that the nomencla ture used herein is simply for convenience and the terms used to describe the invention should be given the broadest mean ing by one of ordinary skill in the art. Further, although an embodiment of the invention described in the foregoing dis closure is related to the analysis of breast tissue, it will be appreciated that the invention is not meant to be limited to breast tissue; for example, it will be appreciated that the invention may be utilized to analyze organ tissue. Such as, for example, a liver. As such, the foregoing methodologies dis 3 closed in the foregoing disclosure may be utilized to assess the risk of, for example, cancer of the liver.
I. Embodiment of an Apparatus Referring to FIG. 1, an environmental view of a non-ion izing, non-compressing, Volumetric ultrasound tomography apparatus 10 is shown according to an embodiment. Accord ing to an embodiment, the apparatus 10 includes a platform 12 having an opening 14 and a tank 16 having an imaging device 18 disposed in the tank 16.
Because the apparatus 10 utilizes ultrasound to analyze the tissue, T, there is no ionizing radiation exposure to the patient, P. In addition, because the tissue is immersed in a fluid within the tank 16, there is no compression of the tissue, T, which may otherwise cause discomfort to the patient, P. Even fur ther, it will be appreciated that the apparatus 10 provides a Volumetric, three-dimensional analysis of the tissue, T, as opposed to a less accurate, two-dimensional analysis of the tissue, T. Finally, it will be appreciated that the time it takes for apparatus 10 to Scan a breast tissue Volume is typically less than 90 seconds.
In an embodiment, the patient, P. is a female, and the tissue, T. being analyzed is breast tissue. However, it will be appre ciated that the patient, P. being examined is not limited to being a female, and, the tissue, T. being scrutinized is not limited to breast tissue.
In operation and as shown in FIG. 1 , the patient, P is situated in a face-down position on the platform 12 Such that the breast tissue, T, is inserted through the opening 14 and into the tank 16. As illustrated, the opening 14 is substantially aligned with the location of the tank 16, which is located under the platform 12, relative the patient, P. Once inserted through the opening 14, the breast tissue, T, is immersed in According to an embodiment, the transmitter end 34 and receiver end 36 may be constructed from any desirable mate rial. Such as, for example, an array of piezoelectric elements, an array of ceramic elements, an array of electromechanical elements, an array of magnetostrictive elements, or the like. Even further, in an embodiment, it will be appreciated that the array may be static, a stationary pair, a rotated pair, or the like. In an embodiment, the array may comprise a two-dimen sional array, or, alternatively, a three-dimensional array that may be translated along different planes to enable three dimensional data collecting, which is described in greater detail below.
In an embodiment, an ultrasound caliper device including a transmitting end and receiving end, can also be used in a Substantially similar manner as the transducer ring 32 in order to collect data. If an ultrasound caliper is utilized, acoustic parameters can be obtained and evaluated without the con struction of a graphical image. Further, the use of an ultra Sound caliper provides a simple, hand-held device and there fore eliminates the use of a relatively larger tank 16 including, for example, a water bath.
Referring to FIGS. 1 and 2, once the breast tissue, T, is To obtain a volumetric, three-dimensional analysis of the breast tissue, T, the transducer ring 32 is initialized to a start position within the tank 16. Once initialized to the desired starting position, the Sound-waves, U. are emitted as the trans ducer ring 32 moves in a direction according to the arrow, D. toward the platform 12/chest, C, of the patient, P. to an end position. The fluid, which may be, for example, water, is known to have well-defined sound speed parameters that serve as both a coupling medium and a matching layer between the breast tissue, T, and the transducer elements 34, 36.
Although the above-disclosed embodiment is described to include an apparatus 10 having a tank 16 holding a fluid, it will be appreciated that the invention is not limited to the use of the apparatus 10 for obtaining tissue data of a breast. For example, coupling fluids other than water, Such as, for example, acoustic gels, may be applied to an outer Surface of the breast; and, in an embodiment, a transducer may directly contact the breast by way of the acoustic gel. In another embodiment, a single transducer in conjunction with acoustic mirrors may also be utilized instead of the apparatus 10. A further alternative embodiment may include measurements in the time domain such that collected data from one or more transducers is not related to imaging data associated with the apparatus 10.
II. Determining Breast Density In an embodiment, the Sound waves, U. may be utilized to determine whole-breast acoustic measures. In an embodi ment, the sounds waves. U, are utilized to determine an aver age whole breast acoustic Sound speed Velocity. The average whole breast acoustic sound speed Velocity may then be uti lized as an indicator of the density of the breast tissue, T.
In an embodiment, the speed of the Sound waves, U, is based on signals transmitted through the breast tissue, T, and are used to generate graphical maps of the sound speed dis tribution. In an embodiment, the Sound speed may be pro vided in a scale of for example, meters-per-second (m/s). In another embodiment, graphical maps of Sound speed distri bution are not created Such that a Sound speed measurement, calculation or the like representing an entire breast may be provided. In an embodiment, the Sound speed measurement, calculation or the like may be utilized as a factor for assessing cancer risk.
In an embodiment, whole breast acoustic Velocity may be defined as a global Sound speed measure obtained from a sound speed histogram 50 (see, e.g. , FIG. 3) , which is devel oped from tomograms that are produced, in an embodiment, by the apparatus 10. Referring to Equation 1 below, under the assumption that the tissue, T, is fluid-like, the speed of Sound (V) has the following relationship to an elastic constant (c) and material density (p) of the material through which the 
US 8,870,771 B2 5 To provide the histograms 50, image stacks are created for each segment of the patient's breast as the transducer ring 32 moved from its initialized start position to its end position. Because an image stack corresponds to the entire breast Vol ume, the histograms 50 represent the statistical distribution of all sound speed voxels within that particular breast. From the histogram 50, an overall mean Sound speed value for each breast is obtained to provide a single-value estimate of the volumetric average of the sound speed velocity 52 of the whole breast.
It will be appreciated, however, that measurements of an overall mean is not intended to limit the present invention and that other measures may be utilized. For example, other mea Sures may include, but are not limited to a median, mode, midrange, skewness, kurtosis, or the like.
It will be appreciated that an overall sound speed is not meant to limit the present invention and that other measures of acoustical data may be utilized. For example, other acoustical data may include, but are not limited to attenuation, reflec tion, elasticity, or the like. Also, derivations of acoustical properties other than measures of central tendency may be used to derive a whole breast density measure. Examples could include parameters such as texture (2D or 3D, skew ness, kurtosis, etc.) and pattern (fractal dimension, lacunarity, etc.). Even further, data integration could also be used for whole breast density acoustical measures, such as combining features from several temporal scans, different acoustical parameters, etc.
Referring to FIG. 4 , as a basis to correlate breast density and the average acoustic sound speed Velocity 52, a sampling of average Sound speed histograms 50 were arranged against corresponding qualitative BI-RADS breast density measures 54 for each subject of the sampled population. As is known in the art, BI-RADS compositional categories are a known breast density estimation standard (i.e., classification in BI RADS: 1-3 means there is a lesser cancer risk than a classi fication of BI-RADS:4). The use of BI-RADS in FIG. 4 is for comparative purposes to illustrate the inventive concept of utilizing non-ionizing acoustics to quantify a cancer risk assessment of a biological tissue Such as, for example, breast tissue, T. Accordingly, to establish the data shown in FIG. 4 , each patient, P. in the sampled population were subjected to an acoustic signal Such that whole-breast Sound speed data could be measured and analyzed for obtaining an acoustic measure of each patient's breast tissue, T. Prior to or after obtaining the acoustic measure, a BI-RADS classification for each patient was also established. Accordingly, as illustrated in FIG. 4 , data for the entire sampled population was compiled. It can be seen that as the average acoustic Sound speed Velocity 52 of each patient's breast tissue, T, increases, there is also an increase, in a corresponding fashion, with a radiologists qualitative assessment of the BI-RADS density of each sub ject patient, P.
In an embodiment, the relationships of the data shown in  FIG. 4 Accordingly, by obtaining a measure (e.g., Sound speed) and comparing the measured value against the above ranges, a quantified risk assessment may be obtained. It can be appreciated that the basis of a breast cancer risk evaluation model using acoustic parameters is not limited to comparisons with BI-RADS compositional categories, and instead, more quantitative evaluation methods can be consid ered (i.e. computer-assisted segmentation of mammograms using interactive thresholding or automated segmentation). Further, it can be appreciated that a breast cancer risk evalu ation model can be developed independent of any association with other breast density evaluation techniques.
It will be appreciated, however, that although sound speed is described above, a measured distribution of an acoustic signal is not limited to Sound speed; for example, the mea Sured distribution of acoustic signals may also be applied to attenuation, reflectivity, elasticity and the like. Further, the cancer risk model may be further refined by also applying additional data to, for example, the measured Sound speed. In an embodiment, the additional data may include, for example, one or more of age, menopausal status, age at menarche, parity, age at first birth, number of first and second degree relatives with breast cancer, prior breast biopsies, hormonal usage, history of atypical hyperplasia, or history of lobular carcinoma in situ, and the like.
III. Determining Breast Density. Using a Tissue Volume Separator
Referring now to FIG. 5, a block diagram 100 for a tissue Volume separator from acoustic data provided by the appara tus 10 is shown generally at 100 according to an embodiment. The block diagram generally includes a waveform generator 38, a digital-to-analog converter 40, an acoustic transmit amplifier 42, the transmitter end 34, the receiver end 36, an acoustic receive amplifier 44, an analog-to-digital converter 46, and tissue Volume separator value generator 48.
Functionally, the waveform generator 38 creates a series of digital signals. The digital signals are sequentially sent to the digital-to-analog converter 40 that converts each signal to a corresponding analog out-put signal which is then amplified by the transmit amplifier 42. The amplified signal drives the transmitter end 34, which converts the electrical analog signal into an acoustical signal, which propagates through the fluid in the tank 16 to the receiver end 36. The receiver end 36 converts the acoustical signal back into an electrical analog 7 received signal, which may be amplified by a receive ampli fier 44. The received signal may be digitized by the analog to-digital converter 46.
The sampling rate of the analog-to-digital converter 46 can be set to digitize the analog signal at the Nyquist (or other) rate corresponding to the frequency used to drive the trans ducers 34,36. The resulting digital data stream may be stored in the tissue Volume separator 48, which may include a digital storage system in the form a random access memory, a hard drive, or the like. It will be appreciated that the tissue volume separator may be a stand-alone device, or, alternatively, be incorporated in the electronics 22, or, alternatively be incor porated in the central processing unit 30.
To determine the tissue volume separator results of the breast tissue, T, the processor of the breast density factor 48 is concerned with breast Sound speed. According to an embodi ment as seen in Equation 2 below, a tissue density factor, TDF, can be defined by:
The denominator (i.e., Total Breast Volume) is further defined as the total (Summed) integrated areas of breast Sound speed tomograms. The numerator (i.e., High Sound Speed Volume Data) is further defined as the integrated area of sound speed regions from the Sound speed tomograms that are considered to be of high sound speed value. The can be determined by the areas exceeding a Sound speed threshold value. This threshold for determining high sound speed is not meant to limit the present invention and that other techniques used to segment higher sound speed regions may be utilized. For example, other techniques may include, but are not limited to semi automated or automated: k-means or fuZZy clustering, seg mentation in the frequency domain or time domain, artificial neural networks, or the like. Further, the TDF can be deter mined from data arising directly from a three-dimensional (3D) volume as opposed to a stack of two dimensional (2D) tomograms.
It can be appreciated that using this methodology, Sound speed threshold values can be determined and applied to an entire population, thereby associating TDF value of a subject to identify the likelihood of breast cancer risk. Similarly, tissues other than fatty and fibroglandular may be further segmented by Volumetric assessment of other ultrasound parameters. In an embodiment, it will be appreciated that the TDF is not restricted to a ratio, but also, an absolute integrated area of dense tissue and total breast tissue as indicators of breast cancer risk.
Referring to FIGS. 6A and 6B, as a basis to correlate TDF and breast density, the TDF is shown along the y-axis and quantitative mammographic percent density using semi-au tomated segmentation routines is shown along the X-axis. The TDF was calculated according to Equation 2 above for a plurality of patients and the results are correlated to a corre sponding quantitative mammographic percent density (MPD) measures for each patient of the plurality of patients. 6A and 6B provides evidence that as TDF of the breast tissue, T, increases, the MPD increases in a corresponding fashion.
It will be appreciated that, similar to providing several different Volumetric distributions of imaging data, the asso ciated tissue characterizations and assorted tissue types can Multiple measurements of the breast can be conducted in space in a repeated fashion by positioning the transducer ring 32 and discretely measuring the breast tissue, T, in two dimensional cycles until full, three-dimensional coverage of the breast tissue, T, is achieved. As such, discrete, two-dimen sional measurements of the breast tissue, T. may be obtained to provide coverage of the breast tissue, T, at different cross sections to simulatea three-dimensional analysis of the breast tissue, T, by stacking a plurality of discrete, two-dimen sional measurements. Although it is possible to stack a plurality of discrete, two-dimensional measurements to pro vide a three-dimensional measurement, it will be appreciated that a direct three-dimensional measurement with a two-di mensional array is also possible.
It will be appreciated that having three-dimensional recon structions of the breast also can allow for 2D or 3D projection images of the acoustical parameters such that a direct com parison to mammography can be made. In an embodiment, as shown in FIGS. 7A-7D, maximum intensity projections of graphical Sound speed maps are shown Such that exemplar images of the four BI-RADS categorizes are represented. As seen in FIG. 7A , for example, a sound speed map of a BI RADS 1/fatty tissue, T, is shown. As seen in FIG. 7B , for example, a sound speed map of a BI-RADS2/scattered tissue, T, is shown. As seen in FIG.7C , for example, a sound speed map of a BI-RADS 3/heterogeneous tissue, T, is shown. As seen in FIG. 7D , for example, a sound speed map of a BI RADS 4/dense tissue, T, is shown. Here, the white regions demonstrate high sound speed values relative to the darker lower sound speed regions. It will be appreciated, however, that although maximum intensity projections of three-dimen sional Sound speed reconstruction is provided in each of FIGS. 7A-7D, graphical representations may be extended to different projections and acoustical parameters other than Sound speed.
In an embodiment, the Sound speed may be estimated either through direct measurement (e.g., with a transducer pair or set of ultrasound calipers). The direct measurement of Sound speed through the tissue, T, is independent of recon structed images such that the Sound speed is determined directly from the timing of the arrival of the pulses without requiring the complexity of any imaging. In another embodi ment, a series of Sound speed tomographic images can be formed and used to obtain the Volume averaged sound speed.
According to an embodiment, the stored data may be ana lyzed by a Software program that is stored, in an embodiment, within the tissue volume separator 48 to determine various acoustic parameters associated with the interaction of the sound waves, U, with the breast tissue, T. The novel method ology associated with the Software can be used to categorize breast tissue density and evaluate parameters such as Sound speed, attenuation, reflectivity, elasticity, and TDF. It can be appreciated that this software can also be used to provide a combination of Such parameters that may best distinguish women with elevated breast density, and, as such, an increased risk of breast cancer. An extension of such software may include the development of a breast cancer risk assess ment model to incorporate other risk factors such as age, menopausal status, age at menarche, parity, hormonal usage, age at first birth, number of first and second degree relatives with breast cancer, prior breast biopsies, history of atypical hyperplasia, or history of lobular carcinoma in situ using any number of aforementioned acoustic parameters.
Using aforementioned measurements of the breast, a new classification scheme may be developed to characterize breast density using one or more acoustic parameters, TDF, or any combination thereof. It will be appreciated that due to the multitude of acoustic parameters available and the ability to measure them repeatedly, a more quantitative breast density classification scheme may be realized than currently employed using the mammographic BI-RADS Categories.
Finally, it will be appreciated that many alternative appli cations to Volumetric tissue evaluation over time may be conducted rather than evaluating breast density over time. As noted, a diagnostic value is anticipated from Volumetric tissue assessments in response to changes during the exam (e.g., temperature, shape, pressure, intravenous contrasts). Simi larly, as seen in FIGS. 8A-8F, malignant tumor responses over time show Volume reduction capabilities by utilizing Sound speed to analyze the breast tissue, T. In an embodiment, the successive images in FIGS. 8A-8F are taken approximately two weeks apart for a patient undergoing chemotherapy. In an embodiment, changes in Sound speed, tumor Volume, and other acoustical properties can be tracked and estimated using a tissue Volume separator. Accordingly, the invention may be utilized to analyze tumor Volume reduction over time as a patient undergoes, for example, chemotherapy, radiation therapy, Surgery or the like. In another embodiment, for example in benign tumors and fibrocystic breasts, the effec tiveness of dietary and chemoprevention interventions maybe quantifiable in terms of density and acoustic property changes.
V. Benefits of Determining a Breast Density by Utilizing
Acoustics
It is known that women under the age of 40 do not routinely undergo mammographic screening for breast cancer because the benefit of receiving mammographic examinations does not outweigh the risk associated with the exposure to ionizing radiation. The processes disclosed herein for determining breast density are conducted without exposing the Subject to harmful ionizing radiation, and accordingly allow for risk free screening and the establishment of baselines at an earlier age. Moreover, the present invention presents and objective approach for assessing present and future cancer risk. This is in contrast to the Subjective nature of interpreting mammo grams.
Even further, because the tissue undergoing examination, T, is not compressed in any of the methodologies associated with the present invention, the evaluation of the tissue, T, is conducted when the breast tissue is in a non-compressed, natural shape thereby rendering a more accurate representa tion of the spatial distribution of fibroglandular and fat tis Sues. Further, by not utilizing a compression technique, women may be more likely to respond favorably to the com fort of the scan, particularly when comparing the embodi ments of the present invention to mammography.
In obtaining the breast density by way of the present meth odologies, a reduced amount of time may be employed when evaluating a Subject's tissue, T; the examination may take as little as five minutes to set-up and one minute to conduct. As a result of knowing one's breast tissue density, preventative measures may be taken, as the relative risk of breast cancer increases with increased breast density. Preventative mea Sures may include, for example, the screening of Such Sub jects at a younger age (e.g., women who are not of mammo In addition, by knowing one's acoustical or TDF measures, the known tissue density may be utilized as a baseline value for Subsequent comparison over time. For example, if a Sub sequent screening determined breast density has increased in view of one's previous/baseline breast density, the subject may be advised to undergo earlier/preventative screenings, which may not otherwise be suggested without the knowl edge of the change in breast density from the baseline.
Volumetric changes over time in response to temporal alterations of the ultrasound parameters provide further potential tissue characterization. Volumetric tissue responses can be measured during a single or multiple scans. Parameters which may be altered during a single scan session may include, but are not limited to: temperature, shape, pressure, and vascular content. Further, it will be appreciated that these more immediate Volumetric changes may include all or a portion of the Scanned Volume. Changes in Volumetric ultra Sound parameters affecting vascular content may be in response to any variety of intravenous or interstitial agents which change the reflectivity, Sound speed, attenuation, elas ticity, etc. Volumetric parameters which may be altered dur ing multiple scan session include, but are not limited to, interval interventions, such as: responses to chemotherapy, chemoprevention, dietary changes, radiation treatment, tumor ablations or other Surgical interventions.
Even further, it will be appreciated that many alternative applications of the present invention may also be made avail able. For example, the breast tissue density could be moni tored in response to treatments such as, for example, Soy isoflavones, dietary interventions, hormone-replacement therapy, and the like. In addition, the acoustical parameters and TDF could evaluate breast density over the phases of one's menstrual cycle, which may assist in determining the ideal time span to evaluate the breast. Alternatively, the breast density could be used to determine the natural variance of breast density for each patient.
The present invention has been described with reference to certain exemplary embodiments thereof. However, it will be readily apparent to those skilled in the art that it is possible to embody the invention in specific forms other than those of the exemplary embodiments described above. This may be done without departing from the spirit of the invention. The exem plary embodiments are merely illustrative and should not be considered restrictive in any way. The scope of the invention is defined by the appended claims and their equivalents, rather than by the preceding description. 2. The method according to claim 1, further comprising: utilizing a tissue Volume separator to conduct the measuring step, wherein the tissue Volume separator further conducts the step of segmenting data for conducting the measuring step.
3. The method according to claim 2, wherein obtaining an average whole breast Sound speed Velocity comprises divid ing a segmented Volume of the breast tissue Volume, seg mented based on an acoustic parameter of the one or more acoustic parameters, by a total breast Volume.
4. The method according to claim 3, wherein segmenting data comprises dividing a Volume of tissue having a Sound speed exceeding a Sound speed threshold value by the total breast volume.
5. The method according to claim 1, wherein the one or more acoustic parameters comprise attenuation.
6. The method according to claim 1, wherein obtaining an average whole breast Sound speed Velocity comprises obtain ing a statistical measure of central tendency.
7. The method according to claim 6, wherein the statistical measure of central tendency comprises a mean, mode, median, range, or standard deviation of one or more of sound speed and attenuation obtained from analyzing the acoustic signal.
8. The method according to claim 1, wherein the acoustic signal comprises a sequential series of waves.
9. The method according to claim 1, wherein the acoustic signal comprises a sequential series of pulses.
10. The method according to claim 1, wherein obtaining the average whole breast sound speed velocity further com prises:
developing at least one average sound speed histogram arising from the measured distribution of 12. The method according to claim 11, wherein the quan tifying step is conducted without obtaining a measure of biological tissue density.
13. The method according to claim 12, further comprising: applying one or more of an age, menopausal status, age at menarche, parity, age at first birth, number of first and second degrees relatives with breast cancer, prior breast biopsies, hormonal usage, history of atypical hyperplasia, or history of lobular carcinoma in situ of a host subject of the biological tissue with the obtained measure to further refine the quanti fying step.
14. The method according to claim 12, wherein the bio logical tissue is breast tissue.
15. The method according to claim 12, wherein the bio logical tissue is organ tissue, wherein the organ tissue is liver tissue. 16. The method according to claim 11, wherein the obtained measure of the biological tissue is a statistical mea Sure of central tendency used for assessing density of the biological tissue.
17. The method according to claim 16, further comprising: applying one or more of an age, menopausal status, age at menarche, parity, age at first birth, number of first and second degrees relatives with breast cancer, prior breast biopsies, hormonal usage, history of atypical hyperplasia, or history of lobular carcinoma in situ of a host subject of the biological tissue with the obtained measure to further refine the quanti fying step.
18. The method according to claim 11, wherein the bio logical tissue is breast tissue.
19. The method according to claim 11, wherein the bio logical tissue is any organ tissue.
20. The method according to claim 11, wherein obtaining the average sound speed Velocity measure further comprises:
developing at least one average sound speed histogram arising from the measured Sound speed; and obtaining the average whole breast Sound speed Velocity based on the at least one average Sound speed histogram. 21. An apparatus, comprising: a non-ionizing apparatus located proximate breast tissue, wherein the non-ionizing apparatus comprises a trans ducer configured to expose the breast tissue to an acous tic signal by transmitting the acoustic signal through the breast tissue; a tissue volume separator coupled to the non-ionizing apparatus, wherein the tissue Volume separator is con figured to measure a distribution of one or more acoustic parameters comprising Sound speed based upon an analysis of the acoustic signal; a first module configured to obtain an average whole breast sound speed velocity based on the measured distribution of Sound speed; and a second module configured to quantify present of future cancer risk based upon a comparison between the aver age whole breast Sound speed Velocity and one or more of the following BI-RADS breast density measures: a fatty BI 
